Provenance: not commissioned; externally peer reviewed Published Online First September 6, 2011 Veterinary Record (2011 169, 635 doi: 10.1136/vr.d5380 well as the mucosal immune system and intestinal microbiota (Packey and Sartor 2008) , the genetic inheritance of human IBD is not fully understood and a classical Mendelian inheritance attributable to a single locus has not been demonstrated to date, but rather a more complex polygenic model of inheritance (Forabosco and others 2000) with evidence of epistasis between genetic loci others 2007, Csongei and . Recent meta-analysis of genome-wide association studies of CD and UC revealed 71 and 47 positively associated loci, respectively others 2010, Anderson and others 2011) . However, the genetic loci identified to date account for only approximately 20 per cent of heritability in human IBD and further studies are needed to determine the other factors implicated in the complex genetic aetiology of this disease others 2008, Franke and . Canine IBD describes a group of idiopathic disorders characterised by chronic gastrointestinal disease, with histological evidence of inflammation in the lamina propria of the small intestine, large intestine or both (Jergens and others 1992) . Histopathologically, IBD in dogs resembles neither CD nor UC and is classified according to the inflammatory cell present and the area of intestine affected, the most common of which is lympho-plasmacytic enteritis others 1992, Xavier and Podolsky 2007) . However, canine IBD is similar to human IBD in that both diseases are chronic relapsing conditions with underlying excessive immune responsiveness and inappropriate inflammation (Cerquetella and others 2010). The mode of inheritance of IBD in dogs is also incompletely understood, and may differ between dog breeds. A number of breed predispositions have been described in canine IBD, thus strongly supporting a role for host genetics (Breitschwerdt and others 1984, Garden and others Papers the odds of developing IBD for each of the different breeds. This was done by determining the ratio of the number of cases of IBD to the number of cases without IBD for each of the breeds. The OR was then determined by the ratio of the odds of having IBD in the specific breed group relative to the odds in favour of having IBD in the control group (that is mixed-breed group). The program displays the OR, a 95 per cent CI for the OR, the Z-statistic and an associated P-value for the hypothesis that breed-specific OR=1.00 compared with the mixedbreed group. Significance was set at P<0.05.
Student's t test and chi-squared test were used to determine whether there were any significant differences between age at diagnosis of IBD and sex in the susceptible breeds, respectively. Student's t test and chi-squared test were carried out using Statistical Package for the Social Sciences version 15.0 software. Significance was set at P<0.05.
Results
Five hundred and seventy-two dogs with IBD were initially identified by searching the computer records during the period from August 1, 2003 to December 31, 2009. However, 26 of these dogs were eliminated as seven of the cases had no intestinal biopsies taken for diagnosis, three cases had intestinal foreign bodies with suspected unconfirmed IBD and 16 dogs had confirmed intestinal lymphoma. These 26 cases were also excluded from the control population. Therefore, in total, 546 dogs with IBD were identified during the period from August 1, 2003 till December 31, 2009, representing 86 different breeds including a mixed-breed group.
Breeds that were over-represented (frequency more than 15 cases) included the GSD (58), labrador retriever (56), boxer (31), mixed-breed dogs (36), rottweiler (24), border collie (22) .0328). The remaining breeds (labrador retriever, staffordshire bull terrier, cocker spaniel, golden retriever, west highland white terrier and jack russell terrier) that were initially overrepresented in the data-set did not have significant OR when compared with the mixed-breed dogs (P>0.05).
The mean age at diagnosis of IBD in border collie dogs was seven years and six months (range: one year and two months-12 years and eight months), in GSDs it was five years and three months (range: six months-11 years and five months), in rottweiler dogs it was five years and five months (range: one year and two months-10 years and 10 months), in weimaraner dogs it was five years and six months (range: two years-10 years and six months) and in boxer dogs it was three 2000, Vaden and others 2000 , Simpson and others 2006 , Allenspach and others 2010 , Grützner and others 2010 . However, few causal genetic defects have been identified to date (Simpson and Jergens 2011) A genome-wide association scan in boxer dogs with granulomatous colitis revealed disease-associated polymorphisms in a gene coding for an important protein involved in the cellular autophagy pathway (NCF2) (Craven 2010) . Similarly, using candidate gene analysis we have recently shown that polymorphisms in Toll-like receptor (TLR) 4 and TLR5 are significantly associated with IBD in German shepherd dogs (GSDs) (Kathrani and others 2010) .
It is likely that human and canine IBD share similar aetiological factors as polymorphisms in TLR4 have also been shown to be significantly associated with IBD in human beings (Arbour and others 2000, Browning and . Importantly, the significant association of polymorphisms in TLR4 with human IBD has been replicated in independent studies and are therefore most likely true associations (Browning and others 2007) . It is imperative in genetical analysis that loci found to be significantly associated with disease are replicated and confirmed in an independent sample population (Lander and Kruglyak 1995) . In canine genetical studies, replicating initial genetical findings in breeds known to have a high susceptibility to IBD would increase the power of the study as such cases are more likely to have a strong genetic component therefore allowing confirmation of potential IBD susceptibility loci.
To the authors knowledge, no data exists on breed predisposition to IBD in the UK. Therefore, the purpose of the study presented here was to identify dog breeds in the south-eastern UK at high risk of developing IBD. Identification of such dog breeds may allow for focused pedigree analyses, and for replication and confirmation of susceptibility loci.
Materials and methods
A complete search of all dogs admitted to the Queen Mother Hospital for Animals between August 1, 2003 and December 31, 2009 was performed for cases diagnosed with IBD. Medical records were reviewed in detail and only those cases having complete medical records consisting of a detailed history at first examination and at subsequent reexaminations, haematology and serum biochemistry results, detailed abdominal ultrasonography report and detailed histopathology reports were included. All known causes of gastrointestinal inflammation were ruled out by routine haematology and biochemistry, ultrasound and measurement of serum trypsin-like immunoreactivity concentration. Faecal flotation including zinc flotation to detect Giardia, and culture of faeces for Salmonella, Campylobacter, Clostridia and Yersinia species was carried out in all dogs. Definitive diagnosis of IBD was based on histological evidence of an inflammatory infiltrate within the lamina propria of endoscopically obtained intestinal biopsies.
The case series included 546 dogs with IBD that were admitted to the hospital between August 1, 2003 and December 31, 2009 . The breed of the dog was ascertained from the written medical records. Eighty-six breeds (including a mixed-breed category) were represented in this IBD case series. The comparison group consisted of all dogs from these same 86 breeds without IBD admitted to the hospital during the same period and amounted to 27,463 dogs.
The MedCalc for Windows version 11.50 (MedCalc software), Mcriameke, Belgium was used to calculate odds ratios (ORs) to determine the proportionate changes in the risk of IBD by breed compared with the mixed-breed dog. The OR was calculated by first calculating Data are also presented on the OR of developing IBD compared with the mixed-breed dog, together with the 95% CI and P-value. The age at diagnosis of IBD and male to female ratio seen in the susceptible breeds are also presented CI Confidence interval, GSD German shepherd dog, M Male, F Female, IBD Inflammatory bowel disease, OR Odds ratio years and nine months (range: eight months-nine years and seven months). There was a significant difference in the age at diagnosis of IBD between border collies and GSDs and between border collies and boxers (P=0.0087 and P=0.0003, respectively; mean age of onset: border collies-seven years and six months, GSDs-five years and three months and boxers-three years and nine months). P-values for all other breed comparisons were not significant (P>0.05) ( Table 1 and Fig 1) . The proportion of females (F) and males (M) diagnosed with IBD in each of the susceptible breeds were as follows: border collie: F-0.43, M-0.57, GSDs: F-0.39, M-0.61, rottweiler: F-0.38, M-0.62, weimaraner: F-0.47, M-0.53 and boxer: F-0.50, M-0.50. There were no significant differences in the proportion of sexes between the susceptible breeds (P>0.05) ( Table 1) .
Discussion
This study demonstrates for the first time, five canine breedsweimaraners, rottweilers, GSDs, boxers and border collies that are highly susceptible to developing IBD in the south-eastern UK. The identification of such breeds may help focus investigations of pedigree analysis on breeds at high risk of developing IBD in this country. This may further serve to increase the understanding of the mode of inheritance of IBD in certain dog breeds and may highlight important genetic loci which may be unique to some breeds.
GSDs are known to be susceptible to developing IBD (German and others 2000) and studies have highlighted the increased incidence of IBD in rottweilers, particularly in Europe (Dijkstra and others 2010, Lecoindre and others 2010). Although boxer dogs are susceptible to a unique form of IBD; granulomatous colitis others 2006, Craven and , the results of the study also highlight the increased susceptibility to lympho-plasmacytic IBD in this breed. To the author's knowledge, there are no other studies highlighting the increased susceptibility to IBD in weimaraners and border collies found in this study. However, a previous retrospective study of canine IBD cases in Edinburgh demonstrated an over-representation of the same five breeds (Craven and others 2004) . Therefore, the results of the study may not be confined to the south-eastern UK and may be seen in other regions and may thus be true relevant findings. However, the results of the Edinburgh study could also be comparable due to similar environmental factors rather than genetical factors in these breeds. None of the studies described above adjusted for the popularity of the breed by comparing the number of IBD cases to the total number of dogs presented for that breed. Therefore, in contrast to the studies listed above, this current study compared the IBD population with the general hospital population and therefore the OR should represent a real risk of susceptibility.
The present study demonstrated that GSDs, boxers and rottweilers are closely related breeds as they belong to the same genetic cluster (Parker and others 2004) . This may therefore explain their increased susceptibility to IBD, as they may share ancestral-associated susceptibility loci (Parker and others 2004) . The same study demonstrated that the border collie breed belongs to a separate genetic cluster. The results of the study showed that border collies had a significantly greater age at diagnosis of IBD compared with GSDs and rottweilers. As the border collie belongs to a separate genetic cluster, this breed may have different IBD susceptibility loci compared with other dog breeds. In addition, early age of onset of IBD may implicate a genetic factor and therefore the pathogenesis of IBD in the border collie may be less genetically implicated than the other four susceptible breeds of dog as they had a higher age of onset (Fig 1) .
However, a more recent publication has demonstrated that these five canine breeds belong to different clusters of dogs; the GSD breed belongs to the working dogs, the boxer breed belongs to the mastifflike dogs and the rottweiler is close to the retrievers breeds (Vonholdt and others 2010) . There is also unproven belief that the weimaraner breed may have been developed from bloodhounds (which belongs to the scent hounds group). Therefore, given the wide distribution of origin of these breeds, this may suggest that although some breeds may share the same molecular defect before the breed selection, new mutations can still occur in a specific breed or line and cause similar clinical signs.
Mouse models of IBD have demonstrated that the genetic background (that is the strain of mouse) profoundly influences the severity of the experimental colitis seen. For example, C57B1/6 mice have mild transient colitis to trinitrobenzene sulphonic acid whereas SJL/J mice have chronic aggressive disease with the same stimulant (Bouma and others 2002) . Therefore, determining the clinical severity of IBD by using the Canine Chronic Enteropathy Clinical Activity Index (CCECAI) (Allenspach and others 2007) in dogs with IBD and comparing them across the different breeds may help to ascertain if the genetic background of the different canine breeds influences the severity of IBD. Unfortunately, due to the retrospective nature of this study, the CCECAI could not be calculated for all the cases and therefore this comparison could not be made.
In addition, canine IBD can also be classified retrospectively depending on the response to treatment. Those responding to an elimination diet or antibiotics are diagnosed as food-responsive diarrhoea or antibiotic-responsive diarrhoea, respectively. Canine IBD patients which do not fall into either of the two latter categories and require corticosteroids to treat their clinical signs are termed steroid-responsive diarrhoea (Allenspach and others 2007) . Unfortunately, due to the lack of follow-up for the cases included in this study the diagnosis of IBD could not be further subclassified and compared between groups. However, ascertaining if there is a significant difference in treatment subgroups between the breeds of dogs may help to further determine how similar the IBD is between the different susceptible breeds and whether they are therefore more likely to share genetic factors.
Canine IBD is also commonly classified according to the area of intestine affected and the type of inflammatory infiltrate seen in the intestinal biopsy (Jergens and others 1992) . However, it has been previously demonstrated that there is significant inter-pathologist variation when assessing intestinal biopsies (Willard and others 2002) and therefore the World Small Animal Veterinary Association (WSAVA) intestinal histopathology guidelines were introduced (Washabau and others 2010) . Unfortunately, as the current study was of a retrospective nature, intestinal biopsies from most of the cases included did not have WSAVA scoring and therefore a comparison could not be made between the different breeds of dogs.
In human beings, the most influential genes involved in Crohn's disease (CD) belong to the group of genes involved in cellular autophagy pathways and the genes coding for receptors of the innate immune system recognising bacteria in the intestinal lumen (Hugot and populations. We have previously demonstrated the significance of polymorphisms in TLR4 and TLR5 in GSDs (Kathrani and others 2010) . In order to confirm the significance of these loci for other dog breeds, the authors would need to replicate the findings in other canine breeds that are also susceptible to IBD. The results of this study highlight canine breeds susceptible to IBD and given the relatedness of boxer and rottweiler dogs to the GSD and the similar age at diagnosis between these breeds, they would be chosen to confirm findings as they will more likely share susceptibility loci. In contrast, confirming TLR4 and TLR5 susceptibility loci in the border collie dog may help to ascertain whether these are true IBD susceptibility loci common to all breeds or whether breed-specific loci exist in canine IBD. Such information would help to determine if novel diagnostics and therapeutics could be applied to all canine breeds or whether subtle unique forms of IBD exist in different breeds which are difficult to distinguish clinically and thus may be easier to discern at the molecular level. Such information may allow for a better subclassification of canine IBD and thus ultimately lead to better diagnostics and therapeutics. One of the study's limitations was that the breeds were ascertained using the written medical records. Therefore, some breeds may have been inaccurately recorded as pedigree information is not routinely assessed. In addition, the study population was that of a tertiary care facility and may therefore not accurately reflect the population of IBD dogs at large. The population of dogs admitted to a tertiary care facility may be affected by cost, distance of travel, and perceptions of dog breeders or owners about the benefit of taking a dog to a tertiary care facility and other factors.
In summary, the purpose of the study was to identify dogs at high risk of developing IBD in the south-eastern UK. Using the information generated from this study, a more directed approach to genetic detection of IBD susceptibility loci could be carried out in susceptible breeds.
